Abstract: Salicaceae are typical invaders of riparian ecosystems throughout the world and they have the potential to change much of the invaded habitats. Along Patagonian streams, riparian softwood forests composed of non-native Salicaceae are increasing in abundance, area and tree species diversity. Especially in the last decades, dense floodplain forests dominated by invasive willows and poplars and additionally Russian olive and tamarisk spread almost explosively e.g. along the Río Negro in northern Patagonia. This study focuses on the identification of ecological niches and niche overlaps of the native and invasive woody species in order to assess the impact on the native Salix humboldtiana Willd. Data on species (presence/ absence) and explanatory variables were gathered in the field using a grid-based, stratified-randomized sampling design. Different environmental variables were then related to species occurrence in different life stages (adult, juvenile, seedling) using habitat distribution models. In the final models, flood duration, the amount of gravel and the location (upper or middle river valley) were included to describe the probability of occurrence of native and invasive taxa. For all life stages, a strong niche overlap could be observed for S. humboldtiana and the Riparian Ecol. Conserv. 2015; 2: 45-57 
Introduction
Willows and poplars of riparian softwood forests are typical pioneer species and adapted to the high dynamics of rivers. Frequency of inundation as well as sedimentation and erosion processes are the main factors that determine species distribution in riparian habitats [1] . Major floods change the morphology of riparian landforms and consequently have impacts on riparian plant communities [2, 3] . These dynamic processes, particularly the natural disturbances and the hydrological connectivity [4] , are considered as the main reasons for the high invasibility of rivers.
In Patagonia, alien plant invasions have led to significant changes in riparian ecosystems. Historically, the occurrence of Eurasian willows and poplars in Argentina followed importation patterns of European settlers. Concurrent to expanding settlements, the occurrence of non-native species increased along the rivers. Since the late 19 th century Salicaceae were planted to protect river banks, as windbreaks and wood source [5, 6] and some clones are extensively cultivated in Argentina [7, 8] . However, only in recent decades, the natural spread of alien willows and poplars has dramatically increased so that today invasive Salicaceae can be observed along many rivers in Patagonia [9] . Invasive willows are able to change much of the natural environment of river systems as it could be observed e.g. in Australia where non-native willows are invasive taxa with no remaining exclusive habitats indicating a potential threat to the native willow. The study contributes to a better understanding of Salicaceae invasion and its consequences for riparian ecosystems.
Keywords: floodplain forest, willows, Salix humboldtiana, riparian vegetation, succession now declared as "Weeds of National Significance" [10, 11] . For example, displacement of native vegetation [10] , differences in litter quality and changed decomposition rates [12] , alteration to river profiles [11] including higher development and growth of sand bars and islands [13] , can be the consequences for native ecosystems. Furthermore, Salix invasions can have negative effects on the fauna such as aquatic invertebrates [13] and riparian birds [14] .
It can be assumed that in former times the only native tree species, Salix humboldtiana Willd., as well as different shrub species have structured riparian softwood forests in the otherwise mostly treeless steppes in northern Patagonia. Nowadays, S. humboldtiana is one of several willow and poplar taxa forming river accompanying woodlands. Beside Salicaceae taxa Tamarix as well as Elaeagnus are prominent invaders along the Río Negro, where this study was conducted.
A characteristic of Salix species is the ability to regenerate either sexually or asexually under a range of environmental conditions [15] . The reproduction via vegetative fragments is considered a key factor in non-native plants becoming invasive [16] . Indeed, Budde et al. [9] revealed the great importance of vegetative reproduction for the spread of a single willow clone along Patagonian rivers. Beyond that, Lamarque et al. [17] showed that, once established, growth rate of trees explained best their invasive success. Given that invasive willow taxa show better vegetative reproduction and resprouting capacities and a better growth performance of the adult life stages [18, 19] , negative impacts on S. humboldtiana can be expected. Hence, it is important to gain information on the factors determining the occurrence of native and invasive species and species-habitat relations. Different niches for the different species would imply a spatial coexistence of these species while a strong niche overlap with the occupation of the same habitat would point to a threat for the native willow due to competitive advantages of the invasive species. Therefore, the study focuses on the identification of ecological niches of the native and invasive woody species occurring in the active zone of the Río Negro. Habitat distribution models were developed in order to relate environmental variables to the probability of occurrence of native and invasive taxa. We included different life stages to account for possibly varying competition processes between young and old individuals and different habitat requirements.
In this study, we (1) show how environmental factors relate to the occurrence of native and invasive woody taxa, (2) analyse if native and invasive taxa exhibit strong ecological niche overlaps taking different life stages into account, and (3) evaluate if there are indications that S. humboldtiana and the riparian ecosystem could be negatively affected by the ongoing invasion process along the Río Negro.
Methods

Study area
The Río Negro, where this study was conducted, is located in northern Patagonia in Argentina and is surrounded by dry steppe (Fig. 1) . The river is approximately 630 km long, originates near the city of Neuquén as a confluence of the rivers Limay and Neuquén and flows southeast to the Atlantic Ocean. It has a mean annual discharge of 900 m 3 s -1 near the city of Neuquén with pronounced water level fluctuations up to 2.52 m at the water gauge near Mainqué in the upper valley in the years 2006-2010 (DPA, Departamento Provincial de Aguas Río Negro). The Negro River itself is not regulated by dams but water is withdrawn for intensive agriculture and the flow regime depends on regulation by dams of the two tributaries. Despite bank stabilisation by rip-raps to protect farmland it still exhibits natural morphodynamics, flowing in large meanders and forming depositional gravel bars. The study area comprised two sections of the Río Negro located in the upper (Alto Valle) and middle river valley (Valle Medio). Compared to the upper valley, in the middle valley the river is more branching and meandering and thus flood disturbances are lower. Furthermore, land use changes in the course of the river. While large fruit plantations characterize the upper valley, smaller fields and livestock breeding are more important in the middle river valley.
Study species
This study includes the most dominant and forest building woody species that occur along the Río Negro, comprising S. humboldtiana, two invasive Salix hybrids, Populus taxa, different Tamarix species, and Elaeagnus angustifolia Willd. S. humboldtiana is the only native willow in Argentina as well as the only native tree species along the Río Negro. It occurs from Mexico to South America but has become relictual in some places due to competition with invasive species [20] . Its southernmost occurrence is located at the river Chubut in the Santa Cruz province, about 500 km south of the study area. In warmer regions of South America, it is known to be the first colonizer of new habitats before other species take over [21, 22] . Salix × rubens Schrank is the hybrid of Salix alba L. and Salix fragilis L. which belong to the most frequent hybridizing Salix species in Central Europe [23] . In northern Patagonia, the distribution of willows belonging to the S. alba-S. fragilis complex has increased substantially along river margins. The reasons for their successful invasion are most likely the highly effective asexual reproduction [9] with easily breaking twigs acting as hydrochorous propagules which fall into the water and can be carried some distance downstream colonising new habitats [24] .
The second dominant invasive Salix taxon along the Río Negro is a hybrid of the S. alba-S. fragilis complex and Salix babylonica L. (hence called S. babylonica hybrid). S. babylonica is native in East Asia but it was introduced to many countries as an ornamental tree [25] and was brought to Argentina around 1850 [7] . Different hybrids of S. babylonica have been cultivated in the Paraná Delta since 1953 including a hybrid of S. babylonica and S. alba [7] . Moreover, several non-native Populus taxa occur in Patagonia [26, 27] . Along the Río Negro the taxa that naturalised widely and where included in this study are P. nigra L., P. deltoides Bartram ex Marsh and their hybrid P. × canadensis Moench.
Besides invasive Salicaceae taxa, other alien woody species, tamarisk (Tamarix spec.) and Russian olive (Elaeagnus angustifolia Willd.), are spreading strongly in the Río Negro valley. These species too can alter riparian ecosystems profoundly. Riparian landscapes in western USA have been changed greatly due to tamarisk invasion. As a consequence, restoration programs have been developed that remove this alien plant [28] . Three Tamarix species, native to Eurasia and Africa, are reported to occur along the Río Negro: T. gallica L., T. ramosissima Ledeb. and T. chinensis Lour. and probably their hybrids [29, 30] . In this study they are only listed as Tamarix without further differentiation. Elaeagnus angustifolia, native to southern Europe and central and eastern Asia, is invading and altering semi-arid riparian ecosystems in the USA [31] [32] [33] . According to Klich [34] E. angustifolia notably expanded in the middle Río Negro valley during the last 20 years. Russian olive most frequently occurs on former pastures, forming dense stands aside the active zone of the river. In adult Salicaceae forests Tamarix and Elaeagnus both usually occur as understory vegetation.
Vegetation sampling
Field data were gathered during two periods in spring/ summer of 2009/2010 and 2010/2011. As it was the ambition to examine species distribution under natural conditions with as little human influence as possible, all plots were set up on islands in the active zone of the river (Fig.  2) . By doing so, plantings could be excluded which are frequent next to the riverbanks to protect e.g. fruit plantations. Another important factor that influences natural development along the river are local management strategies by farmers comprising logging, burning and the use of pesticides to remove mainly Elaeagnus and Tamarix. However, with the focus on islands, we were able to consider the natural colonisation processes.
To cover the range of different life stages and environmental gradients, a stratified-randomized sampling design was employed [35] . For plot selection, Google Earth pictures were imported to ArcGIS 9.3 (ESRI), and with Hawth's Analysis Tools [36] regular grids were used to randomly select single plots with a more or less flat surface. Each plot had an area of 10 m × 10 m. Per island, a minimum of 4 and a maximum of 10 plots was randomly selected (depending on island sizes), comprising a total of 167 plots on 23 islands. Thereof, 116 plots on 13 islands were located at the upper river valley, 51 plots on 10 islands at the middle valley. In each plot, the presence/absence of the target taxa, S. humboldtiana, S. × rubens, the S. babylonica hybrid, Populus spp., Tamarix spp. and Elaeagnus angustifolia was recorded. Individuals of each taxa were divided into three age classes: 'seedling', 'juvenile', and 'adult'. The age class 'seedling' comprised plants that germinated in the year of data collection and could be clearly identified as generative dispersal units by digging up the saplings. Trees were classified as juvenile when their diameter at breast height was smaller than 10 cm and the tree height smaller than 3 m. Since differentiation between S. × rubens and the S. babylonica hybrid in juvenile life stages was not assured by means of morphological characteristics, they were defined as 'invasive Salix'. In contrast, adult S. babylonica hybrids can be easily distinguished from S. × rubens by the weeping habitus of the trees. Combined with the earlier development of leaves of the S. babylonica hybrid during the vegetation period, these two features permit a differentiation between these two invasive willow hybrids in the adult life stage.
Environmental variables
Multiple abiotic factors were related to the occurrence patterns of the species in order to assess competition potential and to understand processes structuring riparian woody vegetation. Hydrological conditions are known to have a strong influence on distribution patterns of woody floodplain species [3, 37] . The average water level and the average flood duration as hydrological variables influencing floodplain vegetation have long been recognised [15, 38, 39] . Mosner et al. [42] showed that the distribution patterns of floodplain willows can be explained by hydrological variables. Therefore, we calculated the mean flood duration and the average water level to describe the hydrological conditions on the studied plots along the Río Negro. To calculate mean flood duration, firstly, the water level in relation to the elevation of each plot was measured using a theodolite. The average flood duration as days per year was then calculated from daily water level measurements of three water gauges along the river near Paso Cordoba (near General Roca), Mainqué (near Villa Regina) and Beltrán (near Choele Choel) (DPA, Departamento Provincial de Aguas Río Negro) and the difference in elevation of a plot and the water surface of the river. Additionally, the average water level (AWL), i.e. depth to the water table (0 = level of top ground surface, negative values = below surface, positive values = above surface) was calculated. The average flood duration and AWL were calculated for all study plots over five years (2006) (2007) (2008) (2009) (2010) and refer to the nearest water gauge. Since elevations of the plots lying permanently under water could not be measured and hence AWL could not be calculated, fixed values of 1 and 1.5 were assigned to extent the gradient of the variable, since plots that were not inundated only a few days reached AWL-values close to 1. Values of 1.5 were given for plots lying in deep water in the middle of the stream, whereas 1 was assigned when the plots were not so deep and located close to the riverbank.
Another important factor influencing species occurrence and composition along rivers is the flow velocity [41, 42] . For example, mechanical impacts through floods can prevent a successful establishment [43, 44] and the adaptation to disturbance intensities can differ between the species. We defined flow strength as an ordinal variable representing shear stress in times of flooding ranging from 1 (low flow-strength) to 4 (very high). Plots in the category 1 are well protected from the current and lie in dense forests. Category 2 plots are protected from the stream current and are located behind protecting vegetation or at the downstream end of the islands. Plots of category 3 lie in the current (when flooded) but are located within the islands, whereas plots in the category 4 lie near the upper end of the islands directly in the stream current. The categories were assigned during field survey.
Soil samples were taken in each plot (except when under water). Soil probes comprising a volume of 500 ml from the top 20 cm of the soil were sampled at three locations within a plot (south-western corner, centre, north-eastern corner). The samples of each plot were mixed and stored in plastic bags until analyses. The samples were air-dried and the amount of clay/silt, sand and gravel was determined. Therefore, the samples were sieved with 0.063 and 2 mm mesh sizes and weighted.
Because even on islands human influence cannot be excluded land use was included as a further predictor variable (present or absent) although only slight grazing occurred on the studied plots.
The predictor variable location (upper and the middle river stretch) was included since river dynamics, i.e. stronger meandering in the middle river stretch, and landuse vary along the river. The upper river stretch of this study represents the first 100 km, the middle river stretch the section between 200 and 300 km of the river (Fig. 1 ).
Data analyses
A DCA (Detrended Correspondence Analysis, CANOCO 4.5; [47] ) was performed to determine the relationship of species occurrence and environmental variables and to assess the position of different life stages along the environmental gradients. For this, species presence/absence data on 167 plots were analysed and the environmental variables (average water level, flood duration, flow strength, amount of gravel, amount of sand, and amount of clay/silt) were treated as supplementary variables in the same analysis. The location upper river valley (Alto Valle), middle river valley (Valle Medio) and land-use were treated as nominal supplementary variables. All supplementary variables were added post-hoc to the ordination by projection.
Generalized linear models (GLM) are a frequently used method for species distribution modelling of presence/absence data [46, 47] to predict the probability of species occurrence in relation to predictor variables [48] . Hence, we chose GLMs for habitat distribution modelling to describe species-habitat-relations. All three life stage classes were analysed for all taxa using logistic regressions (GLM with logit link and binomial error structure; [51] ). Firstly, all predictor variables were tested for multicollinearity using two-sided Spearman rank-correlation test. There was a strong positive correlation between flood duration and AWL (rs = 0.98, p-value < 0.001). Furthermore, flow strength was highly correlated with gravel (rs = 0.75, p-value < 0.001) and gravel was negatively correlated with the amount of silt/clay (rs = -0.84, p-value < 0.001). AWL had less explanatory power in the single models of the adult and seedling life stage, but a slightly better model fit in the juvenile life stage. However, to make the models of the different life stages comparable, AWL was excluded from further analyses and flood duration was used as variable in the final models. Due to the ordinal nature of the variable 'flow strength' and its high correlation to the actually measured variable 'amount of gravel', the latter was used for the models although a better model fit was achieved by flow strength. Consequently, 'amount of silt/clay' was excluded, too, due to its less explanatory power in comparison to gravel. A stepwise backward selection was applied for model simplification using 'step' and AIC (Akaike's Information Criterion) as a measure for the fit of a model [49] where non-significant variables were excluded from the models. For the explanatory variable 'flood duration' additionally the quadratic term was tested since unimodal responses of the species were expected. The explanatory power of the models was evaluated calculating Nagelkerke's R 2 [50] . For model discrimination we used the AUC-value (area under curve) of the receiver operating characteristic (ROC) [51] [52] [53] . The AUC ranges from 0 to 1, with 0.5 = random models without any power of prediction, 0.7-0.8 = acceptable models, 0.8-0.9 = excellent models, and > 0.9 = outstanding models [54] . For model validation we performed a bootstrapping procedure with 1000 iterations to correct for potential overoptimistic performance criteria due to the evaluation of models based on the training data set [46] . In a last step, we applied hierarchical partitioning [55] to separate the explanatory effects of each predictor variable into independent effects on the probability of occurrence of the species.
Additionally, differences in the occurrence of S. humboldtiana and the invasive taxa were tested applying One-way ANOVA for all life stages (adult, juvenile and seedling) with the flood duration of the presence data as response variable followed by Tukey's method of honestly significant differences. Constancy of variance and normality of errors were checked using diagnostic plots [49] .
All analyses concerning the habitat distribution models, model discrimination and model validation were made with R (R Development Core Team, Vienna, AT). The HMISC and the rms packages were used for model estimation and validation [56] . Hierarchical partitioning was conducted using the hierpart package [57] .
Results
Across all life stages similar frequencies for native and invasive Salicaceae could be detected (Tab. 1). Populus spp. was a bit more frequent in the adult life stage and invasive willows were more frequent in the juvenile life stage than all other taxa. For both, S. humboldtiana and Populus spp., more seedlings could be found than for the invasive willows. Tamarix achieved lower percentages in occurrence than the Salicaceae in the adult and juvenile life stages, but a higher frequency of seedlings. No Elaeagnus seedlings could be found at all. In addition, 6.6% of the plots were permanently flooded and another 6.6% were without any woody vegetation (bare ground).
Community patterns
The DCA depicted an eigenvalue for the first axis of 0.679, and 0.263 for the second axis, the lengths of gradient were 6.15 and 4.24 SD for the first two axes. The environmental variables flow strength, flood duration, AWL and the amount of gravel showed the highest correlation with the first DCA axis, while upper/middle valley (AV, VM) correlated best with the second axis (Fig. 3) . However, the location of the plots in the upper or middle river valley could only explain trends in species composition.
All taxa showed a clear separation of the different life stages (seedling, juvenile, adult) along the first axis (Fig. 3) . Seedlings occurred on low elevated sites with high flood durations/average water levels, high amounts of gravel and high disturbance rates reflected by high levels of flow strength. In contrast, adult life stages were found on higher elevated sites with high amounts of clay and silt. The juvenile plants were located in between.
Habitat models
In general, flood duration, the amount of gravel and the location (upper or middle river valley) were included as final predictor variables in the models (Tab. 2). For the adult life stage of all taxa AUC-values of the final models ranged between 0.71 and 0.89. Regarding the juvenile life stage, only models of S. humboldtiana and the jointly considered invasive Salix exceeded the critical AUC-values. This was also the case for models of the seedling stage where additionally the Populus model generated an excellent AUC.
All final models comprised flood duration as predictor variable either in a unimodal (adult S. babylonica hybrids, juvenile willows, seedlings) or linear way (all others). Flood duration proved to be the only significant predictor variable for Salicaceae seedlings. Populus spp.
E. angustifolia
Tamarix spp.
Coeff. Additionally, ANOVA-results revealed no significant differences in the occurrence along the flood duration gradient of S. humboldtiana and invasive taxa concerning different life stages except for seedlings (one-way ANOVA: F 3,53 = 6.781, p < 0.001) with a significant observed difference in the occurrence of S. humboldtiana and Tamarix spp.
The predictor variable 'location' only had significant influence on the occurrence of E. angustifolia, Tamarix spp., Populus spp., and the S. babylonica hybrid in the adult life stage, as well as of juvenile invasive Salix (Tab. 2). While the S. babylonica hybrid occurred more often in the upper river valley than in the middle valley, the other three taxa were more frequent in the middle river valley. The variables 'land use' and 'amount of sand' had no significant effects and were thus not included in the models.
The hierarchical partitioning analysis showed that almost for all final models which included different explanatory variables, flood duration had the highest independent effect on the probability of occurrence of the different taxa (Tab. 3).
Discussion
The identification of ecological niches and occurring niche overlaps are required informations to understand invasion processes and to assess the consequences for native species. Along the River Negro invasive woody trees, particularly Salicaceae, have the same optima as S. humboldtiana regarding flood duration, water level, flow strength, and soil texture gradients. Thereof, flood duration, the amount of gravel and the location proved to be the best explanatory variables to describe the occurrence of the different life stages and where thus included in the final models.
Distribution patterns of woody vegetation
Riparian woody vegetation interacts with environmental factors structuring the riparian zone. Hydrological disturbances and plant succession lead to a fluctuating habitat mosaic over time [58] . The different successional stages create their own hydrogeomorphic conditions by changing their environment. In this context, the required conditions for a successful establishment of riparian softwood species [e.g., 37, 59, 60] and the importance of hydrological conditions with frequent and severe disturbances have been identified by several authors [e.g., [61] [62] [63] . The combined effect of vegetation and sedimentation succession leads to a vertical aggradation, reduces inundation duration and changes soil texture from the seedling to the adult life stage. These characteristic processes of riparian ecosystems with natural disturbances could also be observed along the river Negro: Low lying bare ground sites with a high amount of gravel arising after long time of inundation exhibit ideal moist sites for seedlings to establish. Further in the process, tree growth decreases flow velocity due to an increase in surface roughness leading to intensified sediment deposition and thus to the aggradation of the floodplain [41, 64, 65] . Thus, with increasing age, trees are found on higher elevated sites with reduced flood durations. Consequently, proceeding spread of invasive taxa might accelerate the vertical and lateral extent of islands and lead to a higher total area of Salicaceae forest both along the river shores and on islands and might change the processes in the riparian ecosystem of the Río Negro.
River margins in the Patagonian steppe are apparently susceptible to invasion by alien tree species. This may be explained by the fact that naturally only one native riparian softwood species, S. humboldtiana, occurs without any other competitor or successive follower. Along other rivers in the otherwise treeless Patagonian steppes where S. humboldtiana is not present or of low abundance, invasive S. × rubens apparently successfully occupied empty niches via vegetative reproduction due to the absence or low abundance of native riparian woody vegetation [9] . The alien taxa have the same habitat optima like S. humboldtiana across all life stages. Due to their high competitiveness because of a better growth performance invasive Salicaceae have the potential to push back the native species and thus imply a potential threat to S. humboldtiana.
The frequency of Elaeagnus with a higher probability of occurrence in the middle valley corresponds to the invasion history and its first introduction along the Río Negro in the middle valley [34] . In contrast, the S. babylonica hybrid is more frequent in the upper river valley. It can be assumed that planting of Salicaceae is more common in this agriculturally strongly used area. A downstream directed invasion is likely as it was supposed by Budde et al. [9] for S. × rubens. A further hint on an advanced invasion in the upper valley is the significantly higher occurrence of juvenile invasive Salix compared to the middle valley.
River regulations and possible consequences
River regulations by dams in the rivers Limay and Neuquén cause changes for the Río Negro in river flow, flood dynamics and water levels. It was reported by local people (oral communication) , that the number of S. humboldtiana individuals has decreased drastically since the onset of the dams during the 70s of the last century. Simultaneously, the distribution area of invasive taxa has increased significantly in the last decades. Indeed, the distribution of invasive species and the increase of floodplain forests could be a result of these modified flow regimes that can create the conditions for a successful establishment [66, 67] .
Although high floods that remove vegetation are considered to be the main influencing factor for plant invasion along river systems [68] , they may also provide conditions for the preservation of native species such as S. humboldtiana. In contrast to the invasive willows, which are mostly females, both, male and female individuals of S. humboldtiana occur frequently along the Río Negro. In conjunction to the observation, that S. humboldtiana exhibits distinct higher seed numbers than the invasive willow hybrids, it can be concluded, that the native species relies more on sexual reproduction than the invasive willows. Yet, also invasive willow seedlings occurred in the plots, even though to a lesser extent. It seems possible, that sexual reproduction of invasive willows will increase during the ongoing invasion process when mating partners either from their own taxa or from interbreeding congeners become available. The required destructive floods that remove existing vegetation and create open sites for seedling establishment are still available at the Río Negro suggesting further successful establishment of S. humboldtiana seedlings. However, the enormous increase of floodplain forests in the last decades indicates that the spread of invasive tree species is a fast proceeding process that cannot be inhibited by the existing flood disturbances. Age structure analyses of mixed adult forest stands revealed low mean ages of < 15 years of all studied Salicaceae on islands in the active zone of the river [19] . Trees of the same stands had the same age indicating joint establishment events of the taxa. These results are in line with other studies, e.g. Karrenberg et al. [61] detected low mean ages of < 10 years within stands in the active zone of the Tagliamento river which are frequently disturbed by flood events. S. humboldtiana stands in other regions, too, are known to reach only low mean ages < 20 years before they are replaced by other species [21, 22, 69] . On the one hand, the low mean ages along the Río Negro could be explained by frequently occurring destructive floods that periodically erase established woody vegetation. On the other hand, it is possible, that prior to the establishment of the existing forests no dense forest stands appeared despite scattered S. humboldtiana occurrences. This assumption would lead to the conclusion that dense Salicaceae forests only occurred in the recent past representing the first invasion wave. However, on higher elevated sites beyond the river stream, of all Salicaceae (S. humboldtiana, S. × rubens, the S. babylonica hybrid and Populus spp.) solitary trees > 40 years could be found [19] .
River regulations without destructive floods can push the establishment of floodplain forests at the cost of pioneer vegetation [70] . A possible scenario for the Río Negro could be the establishment of other non-native hardwood species. While S. humboldtiana, as typical pioneer tree, is restricted to the active channel of the river with frequently occurring floods, farther from the active channel or on higher situated places plant communities may be composed by older vegetation and other species [71, 72] . Non-native Acer negundo L., Fraxinus pennsylvanica Marshall and Eucalyptus spp. already occur along the river, and thus a further shift in plant communities composition and an expansion of the area covered by floodplain forests is possible. Future studies will be necessary to monitor other non-native plants species and their effects for the ecosystem.
Conclusion
The transformation of the riparian ecosystem of the Negro river probably will continue. The upper river valley is a principal region for fruit cultivations and its increase is most likely. Thus, it can be assumed, that riparian land will be converted to agricultural land or urban use. Apart from being threatened by human activities, the vegetation along the Río Negro might be further subject to changes in consequence of alien invasive species and shifts in plant community composition. In our study, only the dominant taxa were considered, but other alien woody floodplain species could be observed along the river (e.g. Salix viminalis L., Salix matsudana Koidz., Populus alba L., Eucalyptus spp., Acer negundo L., Fraxinus pennsylvanica Marshall) which also have the potential to become frequent in the floodplain forests. Other non-native willows of both sexes and consequently new natural hybridizations can provoke a further invasion step with an increase of sexual reproduction. Several genotypes could be found so far only along the Río Negro, in contrast to other Patagonian streams, where almost exclusively one female of S. × rubens forms monoclonal stands [9] . With the appearance of male individuals and other species or hybrids comparable evolutionary processes to those at the Río Negro with sexual regeneration can be expected along other rivers. Particularly for the S. babylonica hybrid, whose spread is probably a development of the recent years, a further spread along other rivers is likely.
Finally, the knowledge, that the native willow exhibits a strong niche overlap with invasive woody species in all life stages (seedling, juvenile and adult) with no remaining exclusive habitats can aid to assess the future impact on the native species. Based on the assumptions, that the invasion is still ongoing and that the highly competitive alien Salicaceae will probably continue to expand their range, it can be expected that these processes indicate a serious threat to the native species. 
